Structure and Taxonomy {#s0005}
======================

Human rhinoviruses (RVs), which probably represent the most abundant pathogenic microorganisms universally, are RNA viruses and belong to the family of Picornaviridae. The Picornaviridae also include the enteroviruses (polio, coxsackie, and echo viruses), which are more closely related to RVs, and the cardio- and aphtho-viruses, which do not infect the respiratory tract. Coxsackie virus A2, 10, 21, 24 and B2, 5 and echovirus type 1, 11, 19, 20, and 22 are the most frequently isolated enteroviral agents in upper respiratory tract infections. More than 100 serotypes of RVs are identified and numbered. They are divided into major (90%) and minor (10%) groups depending on their receptor; major RVs attach to the intercellular adhesion molecule-1, while low-density lipoprotein receptor is the cellular receptor of minor RVs. RVs consist of a 2 MDa single-stranded positive-sense genomic RNA surrounded by a nonenveloped capsid arranged in an icosahedron, 20--30 nm in diameter ([Figure 1](#f0005){ref-type="fig"} ). VP1, 2, and 3 structural proteins of the virus are highly variable surface proteins, which interact with antiviral antibodies. VP4 is confined to the interior of the capsid and is closely associated with the viral RNA.Figure 1Rhinovirus (RV). The rhinovirus capsid is arranged in an icosahedron composed of 60 copies of each of three subunits (shown in red, blue, and yellow). Reproduced with permission from Dr N G Papadopoulos.

Orthomyxoviridae\'s major representatives are the influenza viruses (IFVs), which are grouped into three types: A, B, and C. IFVs are negative-stranded segmented RNA viruses. The A and B types are enveloped pleomorphic agents, with spherical and filamentous forms; IFV-C is structurally distinct. IFVs attach to sialic acid receptors on ciliated columnar epithelial cells in the tracheobronchial tree via their hemagglutinin (HA) protein ([Figure 2](#f0010){ref-type="fig"} ). Following replication, the virion is released by enzymatic action of the neuraminidase (NA) surface protein. The latter, along with the HA protein of the virus, is regularly subjected to small changes, which are capable of producing viral strains causing annual epidemics. This phenomenon is called 'antigenic drift', while 'antigenic shift' is the process by which a sudden major change in the HA or NA proteins of IFV-A occurs due to genetic reassortment. The latter is responsible for influenza pandemics, which have occurred every 10--40 years.Figure 2Influenza virus (IFV). Schematic representation of an influenza virus. Hemagglutinin spikes (blue) radiate all over the surface and are interspersed by clusters of neuraminidase (yellow). The latter are embedded in the envelope\'s lipid bilayer (orange), which in turn surrounds a layer of matrix protein, M~1~ (blue). The segmented RNA of the virus is located in the interior and encodes for eight distinct proteins. Reproduced with permission from Dr N G Papadopoulos.

Paramyxoviridae include parainfluenza viruses (PIVs), the respiratory syncytial viruses (RSVs) as well as the recently identified human metapneumovirus (hMPV). PIVs are grouped into subtypes 1 and 3, which belong to the paramyxovirus genus, and subtypes 2, 4a, and 4b, which belong to the rubella virus genus along with the mumps virus. PIVs are single-stranded negative-sense RNA viruses, 150--200 nm in diameter, with helical nucleocapsids. In contrast to RSVs, PIVs possess both HA and NA proteins, which attach to sialic acid receptors.

RSVs are pleomorphic enveloped viruses, 120--300 nm in diameter, with a nonsegmented negative-sense RNA genome. There are two subtypes: A and B. The viral genome encodes for the glycosylated F (fusion) and G (attachment) proteins among others. The former contributes to the agent\'s infectivity and virulence, while the latter is involved in virus--cell and cell--cell fusion, and exhibits high variability among different serogroups. MPVs are recently identified paramyxovirus-like pleomorphic agents. They are RNA viruses and two potential subgroups have been distinguished.

Human coronaviruses (CVs) belong to the Coronaviridae and are enveloped, roughly spherical viruses, 100 nm in diameter, with 20 nm-long round surface projections. Their genome consists of a positive RNA strand. Most of the CVs studied so far are closely related to one of two reference strains, OC43 and 229E, which dominate in outbreaks alternately from year to year. The former binds to MHC class I molecules, while the latter binds to human aminopeptidase N (CD13). SARS-CoV is another recently identified CV, which differs phylogenetically from all other known human CVs.

Adenoviruses are nonenveloped single-stranded DNA viruses with a genome of 30--38 kbp that encodes 10 structural proteins. They are surrounded by a capsid of icosahedral symmetry, from which a stalk-like structure protrudes, called the fiber ([Figure 3](#f0015){ref-type="fig"} ). The latter interacts with various cellular receptors, such as the MHC class I molecule and the coxsackie-adenovirus receptor. Over 50 serotypes and six subgenera (A--F) have been identified.Figure 3Adenovirus. Adenoviruses are nonenveloped DNA viruses surrounded by an icosahedral capsid from which a stalk-like structure the fiber, protrudes. Reproduced with permission from Dr N G Papadopoulos.

Mode of Infection {#s0010}
=================

RVs are transmitted by both, direct hand to surface to hand contact and aerosol inhalation, and more frequently, as with RSVs, through the eye or nose than through the mouth. Nasal epithelium represents the primary site of infection for these viruses. RVs replicate mainly in the nose, although replication takes place in the lower airways as well. IFVs are usually transmitted through inhalation of droplets, which initially attach to the mucous layer covering the tracheobronchial tree and replicate primarily in the lower respiratory tract. Epithelial infection by RVs has a 'patchy' distribution and is not overtly cytotoxic, in contrast to the majority of respiratory viruses, including IFVs, paramyxoviruses, and adenoviruses, which cause extensive inflammation and epithelial shedding.

Respiratory virus infection causes an increase in both vascular permeability mediated by vasoactive amines and glandular secretion under the influence of cholinergic reflexes and neuropeptides. Several cytokines and chemokines have also been implicated in virus-induced inflammation. Inflammatory cells further aggravate events by release of additional mediators.

Humoral immunity is also activated in response to viral infections with production of serotype-specific antibodies. The nature of the response is associated with age, previous infection, and vaccination status of the host. Recovery from respiratory viral illness is usually achieved prior to the detection of specific antibody indicating that cellular and/or non-specific immune responses are primarily responsible for viral eradication. Nevertheless, antibodies are able to provide protection from secondary infections.

Respiratory viruses not only induce a local inflammatory reaction at the level of infected epithelial cells but may also act at a distance through neuronal pathways. All parasympathetic, sympathetic, and nonadrenergic noncholinergic nervous supply of the respiratory tree may be affected by viral infections, suggesting an important neuroimmune interaction, which may contribute to the virus-mediated reactive airway disease ([Figure 4](#f0020){ref-type="fig"} ).Figure 4Pathogenesis of respiratory viral infections. Respiratory viruses enter the human body mainly through the nose. Thereafter, they replicate in nasopharyngeal epithelial cells, but also in the lower respiratory tract. Immune mediators such as cytokines, chemokines, and bradykinins will both elicit an 'immune' response leading to effective virus eradication and contribute to the development of associated symptomatology, through vascular leakage and increased glandular secretions. Neurogenic pathways are also involved in the development of clinical manifestations. Reproduced with permission from Dr N G Papadopoulos.

Clinical Manifestations {#s0015}
=======================

Respiratory viruses are related to various distinct as well as non-specific clinical presentations. There is considerable overlap between viruses and clinical presentations; although differences exist, all agents may cause any of several clinical syndromes ([Table 1](#t0005){ref-type="table"} ). Among these, the common cold is by far the commonest with an enormous socioeconomic impact. Clinical presentation ranges from asymptomatic to upper respiratory tract (URT) symptoms such as nasal congestion, rhinorrhea and nasopharyngeal irritation, lower respiratory tract symptoms such as cough, to systemic symptoms including general malaise, headache, and sleep impairment depending on the viral culprit and host. The incubation period is 24--48 h and symptoms usually last for 5--7 days. The common cold is a rather benign clinical entity, which may however be complicated by secondary bacterial infections, otitis media, sinusitis, pneumonia, and asthma exacerbations; death may occur in immunocompromised patients.Table 1Respiratory viruses in upper and lower respiratory disease syndromesAsthmaBronchitisBronchiolitisCommon coldCroupOtitis/sinusitisPneumoniaRhinoviruses\*\*\*\*\*\*\*\*\*\*\*\*Influenza\*\*\*\*\*\*\*\*\*\*RSV\*\*\*\*\*\*\*\*\*\*\*Parainfluenza\*\*\*\*\*\*\*\*\*\*Coronaviruses\*\*\*\*\*\*\*Adenoviruses\*\*\*\*\*\*\*\*\*

Viral URT infection often results in impairment of the function of the eustachian tube, which predisposes to the development of acute otitis media. The latter is one of the commonest infections among children and is very often attributed to viral etiology. Respiratory viruses may also predispose to nasopharyngeal bacterial colonization and alteration of the host\'s immune response. Finally, viruses may be responsible for antibiotic treatment failure in cases of concurrent bacterial and viral infections. Likewise, respiratory viruses have been implicated in the development of sinusitis, either directly as an extension of URT infection or as a result of secondary bacterial infection.

Laryngitis and laryngotracheobronchitis-croup have more frequently been associated with the parainfluenza virus group. Pneumonia in infants and young children is most commonly attributed to viruses. Disease burden is also significant among the elderly and the immunocompromised. RVs and RSVs are the agents most frequently isolated in viral pneumonias, although age, season, year, and other variations can be considerable. The presence of adenovirus is a risk factor for severe disease in infants. Influenza occurs in yearly winter epidemics and pandemics every 10--40 years resulting in enormous morbidity and mortality, especially among the very young, the elderly, and the immunocompromised.

RSV is also the major pathogen implicated in acute bronchiolitis, which afflicts infants and is responsible for a great number of hospitalizations and deaths in this age group. Host immune response skewed towards type 2 cytokine production seems to play a central role in the pathogenesis of the disease. Bronchiolitis is further associated with recurrent wheezing.

The great majority of acute asthma exacerbations in children and a considerable proportion in adults is preceded by a viral URT infection; such exacerbations may often result in hospitalization. The most frequently isolated offending agent is RV, a fact that reflects the preponderance of the virus among common cold cases. Finally, exacerbations of chronic obstructive pulmonary disease may also have a viral etiology, most commonly due to RVs.

Diagnosis and Treatment {#s0020}
=======================

The diagnosis of respiratory viral infections relies upon clinical criteria and is further supported by laboratory techniques such as direct viral, nucleic acid or antigen detection, culture, and serology. Direct detection is based on the identification of whole virus or inclusion bodies with electron or light microscopy, respectively. Viral antigens may also be detected by the use of immunofluorescence and enzyme immunoassays but an adequate viral load is required. Viral cultures usually demonstrate the biological effects of an agent, such as the cytopathic effect or hemagglutination, in cultured cells. Culture methods, however, have drawbacks due to their low sensitivity and extensive time length (days to weeks). Determination of specific viral antibodies in a host\'s blood sample and comparison between acute and convalescent phases of respiratory illness is another diagnostic modality, which is mainly used for epidemiological purposes. Serological tests include immunoassays, complement fixation, and passive agglutination assays as well as hemagglutination inhibition. Polymerase chain reaction (PCR)-based techniques are being developed, replacing in several instances other techniques as they are rapid and sensitive, and may also provide an estimation of the number of viral copies present in a given biological sample (real-time PCR).

Control of the transmission of respiratory infections may be partly achieved through adequate hygiene practices and avoidance of congregation and stress. The development of effective vaccines is hampered by the large number of viral serotypes; however, vaccines are available against IFVs, several RSV and PIV vaccine candidates are currently under clinical investigation, and oral live attenuated adenovirus vaccines have been successfully used in military recruitment centers in the past. Over-the-counter remedies for the alleviation and reduction of duration of common cold symptoms include vitamin C, zinc, and echinacea, although these agents are only moderately effective. Nasal decongestants, first generation antihistamines, anticholinergic nasal sprays, oral and intranasal *α*-adrenergic agonists, inhalation of humidified hot air at 42--44 °C, nonsteroidal anti-inflammatory drugs, and cromones have been proposed for symptomatic relief with moderate results. A combination of specific antivirals with one or more anti-inflammatory drugs may offer the ideal therapeutic approach since it would both inhibit viral replication and block inflammatory events, although cost and compliance are considerable obstacles.

Current Antimicrobial Therapy {#s0025}
=============================

Unfortunately, there are only a limited number of antiviral agents available against respiratory viruses due to the frequent mutations resulting in the constant emergence of new and often resistant strains. Specific antiviral chemotherapy exists against IFVs in the form of the classical adamantanes (amantadine and rimantadine) as well as the new NA inhibitors, zanamivir (intranasal formulation) and oseltamivir. The former were only effective against IFV A, had significant adverse effects, and often resulted in the development of resistant strains, in contrast to the latter which are active against both A and B IFVs, possess minimal adverse effects, and are currently indicated for both prophylactic and therapeutic purposes. Palivizumab is a monoclonal antibody against RSV, which may be administered prophylactically to infants at high risk for severe bronchiolitis; ribavirin is an antiviral agent currently less frequently used.

The most effective compound against a variety of respiratory viruses and the resulting common cold is interferon alpha-2b, administered intranasally, before or shortly after exposure. However, due to its high cost, dosage frequency (six times daily), and side effects (mainly nasal irritation and bleeding) clinical application has been abandoned.

Several other agents have been assessed for activity against rhinoviruses. Pleconaril is an oral agent, which binds to VP1, a capsid protein of Picornaviruses, and thus inhibits capsid function, viral attachment to cellular receptors, and viral uncoating. Ag7088 (ruprintivir) is a well-tolerated irreversible inhibitor of Picornavirus 3C protease. Reported adverse effects were usually restricted to blood-tinged mucus and nasal passage irritation. Both compounds are currently under clinical trials.
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